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We investigated the transport properties of Fe1+yTe0.6Se0.4 single crystals with different amounts
of excess Fe prepared by O2 annealing. The O2 annealing remarkably improves transport properties.
In particular, a strongly nonlinear Hall resistivity was observed only in the fully-annealed crystal,
and the magnetoresistance (MR) is drastically enhanced after annealing, reaching a value larger than
17% at 16 K and 14 T. The obvious change of transport properties after the annealing indicates that
the band structure of Fe1+yTe0.6Se0.4 is affected by the excess Fe. The nonlinear Hall resistivity
and violation of (modified) Kohler’s scaling of the large MR prove the multiband effects in the
Fe1+yTe0.6Se0.4 single crystal. The MR for the fully-annealed crystal develops linearly against
magnetic field from intermediate field (e. g. 2 T at 16 K) to the measurement limit of 14 T. This
phenomenon is interpreted by the existence of Dirac cone state, in which all the Dirac fermions
occupy only the lowest Landau level in the quantum limit.
PACS numbers: 74.70.Xa, 74.25.F-, 72.15.Gd, 75.47.-m
I. INTRODUCTION
Recently discovered iron-based superconductors (IBSs)
with superconducting transition temperature T c above
55 K is another member of the high temperature super-
conductors (HTSs) after cuprate superconductors.1,2 Al-
though IBSs share some similarities with cuprate super-
conductors like layered structure, very high upper crit-
ical fields, and doping phase diagram, important differ-
ences exist between the two families. Cuprates are doped
Mott insulators with strong correlation and a single band
behavior, while IBSs are metallic with multiband elec-
tronic structures.2 Existence of disconnected Fermi sur-
faces with electron and hole characters, and spin or or-
bital fluctuations are supposed to be responsible for the
high value of T c in IBSs based on either s±3 or s++
scenario4. The nesting between electron and hole bands
is supposed to be related to the high value of T c in IBSs
based on the scenario of s± paring. This multiband fea-
ture also influences the normal state transport proper-
ties of IBSs. Strong temperature dependent Hall coeffi-
cients, large magnetoresistance (MR), and linear temper-
ature dependence of resistivity were observed, especially
in iron pnicitide.5–8 Moreover, a Dirac cone state, coming
from the nodes of the spin-density-wave (SDW) gap by
complex zone folding in different bands, is observed in
Ba/SrFe2As2 and La/PrFeAsO.
9–13 Although the weight
of Dirac cone state is small, it can dominate the trans-
port properties because of its extremely high mobility. In
consequence, a large and linear temperature dependent
MR was observed.
In the family of IBSs, iron chalcogenide Fe1+yTe1−xSex
attracted much attention due to its simple structure,
which is convenient to probe the superconducting mech-
anism. And its less toxic nature is also advantageous
to application in iron-based superconductors. Band
structure calculations and angle-resolved photoemission
spectroscopy (ARPES) prove the multiband structure
in Fe1+y(Te/Se),
14–16 which is characterized by hole
bands around Γ point and electron bands around M
point, similar to iron pnictides. However, the trans-
port features characteristic of multiband structure like
the large magnetoresistance has not been reported yet.
Instead, a very small value and sometimes even neg-
ative MR was observed in previous reports.17,18 This
unexpected transport property may come from the Fe
nonstoichiometries,19,20 which originate from the partial
occupation of excess Fe at the interstitial site in the Te/Se
layer. The excess Fe is strongly magnetic, which pro-
vides local moments that interact with the adjacent Fe
layers.21 In the parent compound Fe1+yTe, the long-rang
(pi, 0) order can be tuned from commensurate to incom-
mensurate by changing the amount of excess Fe.19 In Se
doped superconducting Fe1+yTe1−xSex, neutron scatter-
ing measurements revealed that the excess Fe induces a
magnetic Friedel-like oscillation that diffracts at (pi, 0)
order and involves more than 50 neighboring Fe sites.22
And the magnetic moment from excess Fe will also local-
ize the charge carriers affecting the normal state trans-
port properties.23,24 Thus, transport measurements on
high-quality Fe1+yTe1−xSex single crystal without the
influence of excess Fe is crucial to reveal the intrinsic
properties of iron chalcogenide, and is also helpful to the
understanding of band structure and paring mechanism
of IBSs.
In this paper, we benefit from the high-quality
Fe1+yTe0.6Se0.4 single crystals obtained by post-
annealing to take accurate transport measurements.24–29
The annealing remarkably improves transport properties.
In particular, a nonlinear Hall resistivity was observed
2only in the fully-annealed crystal, and the magnetoresis-
tance is drastically enhanced after annealing, reaching a
value larger than 17% at 16 K and 14 T, which proves the
multiband property of Fe1+yTe0.6Se0.4. Besides, a tem-
perature dependent linear MR is observed in the annealed
crystal, which is interpreted by the possible existence of
Dirac fermions.
II. EXPERIMENT
Single crystals with a nominal composi-
tion FeTe0.6Se0.4 was grown by the self-flux
method.25,30 The as-grown crystals were further
annealed with controlled amount of O2 to par-
tially (molar ratio n(O):n(sample)=0.7%) or totally
(n(O):n(sample)=1.5%) remove the excess Fe to obtain
the half-annealed or fully-annealed crystals, respec-
tively. Combined Inductively-coupled plasma (ICP)
atomic emission spectroscopy and Scanning tunneling
microscopy (STM) measurements prove that the amount
of excess Fe, y, in the as-grown, half-annealed and
fully-annealed crystals are roughly 0.14, 0.065 and
0, respectively. Details of the sample preparing and
the composition analysis have been reported in our
previous publications.29 Magnetization measurements
were performed using a commercial SQUID magne-
tometer (MPMS-XL5, Quantum Design). The Hall
resistivity ρyx and magnetoresistance ρxx were measured
at the same time using the six-lead method with the
applied field parallel to c-axis and perpendicular to
the applied current. In order to decrease the contact
resistance, we sputtered gold on the contact pads just
after the cleavage, then attached gold wires on the
contacts with silver paste. The Hall (MR) resistivity
ρyx (ρxx) was extracted from the difference (sum) of
transverse (longitudinal) resistance measured at positive
and negative fields, i.e., ρyx(H )=[ρyx(+H )-ρyx(-H )]/2
and ρxx(H )=[ρxx(+H )+ρxx(-H )]/2, which can effec-
tively eliminate the longitudinal (transverse) resistivity
component due to the misalignment of contacts.
III. RESULTS AND DISCUSSION
Inset of Fig. 1 shows the temperature dependence of
zero-field-cooled (ZFC) and field-cooled (FC) magnetiza-
tion at 5 Oe for the as-grown, half-annealed and fully-
annealed Fe1+yTe0.6Se0.4 single crystals. The as-grown
crystal usually shows no superconductivity or very weak
diamagnetic signal below 3 K. The very low T c is usually
attributed to the existence of excess Fe in the interstitial
sites. Density functional study shows that the excess Fe
in the interstitial site is magnetic and interacts with mag-
netism of Fe in the Fe planes.21 The magnetic moment
from excess Fe will act as a pair breaker, so that the
superconductivity is almost totally suppressed in the as-
grown crystal. After partially removing the excess Fe by
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FIG. 1. (Color online) Temperature dependence of the re-
sistivities scaled by the values at 300 K for the as-grown,
half-annealed and fully-annealed Fe1+yTe0.6Se0.4 single crys-
tals. The inset shows the temperature dependences of ZFC
and FC magnetizations at 5 Oe for the three samples.
O2 annealing, the half-annealed crystal shows T c ∼ 7.5 K
with transition width about 1.5 K (obtained from the cri-
teria of 10 and 90% of the magnetization). This relatively
sharp transition width indicates that the left excess Fe is
almost homogeneously distributed in the sample. After
totally removing the excess Fe by O2 annealing, the fully-
annealed crystal shows T c ∼ 14.3 K with the transition
width less than 1 K. In the main panel of Fig. 1, we com-
pared the temperature dependence of resistivities, scaled
by the values at 300 K. Resistivities for all the three crys-
tals maintain a nearly constant value above 150 K. From
150 K down to the superconducting transition tempera-
ture, the as-grown sample shows a nonmetallic behavior
(dρ/dT < 0). This nonmetallic behavior was suppressed
by removing the excess Fe and a flattened resistive be-
havior above T c was found in the half-annealed crystal.
When the excess Fe is totally removed as in the fully-
annealed crystal, resistivity manifests a metallic behav-
ior (dρ/dT > 0). The divergence in resistivity below 150
K for the three crystals is also caused by the magnetic
moment from excess Fe, which will localize the charge
carriers and increase the resistivity.23,24 Such localiza-
tion effect from excess Fe will be studied in detail later.
The resistive results for the as-grown and half-annealed
crystals show higher T c compared with that from mag-
netization measurements, which is coming from the fil-
amentary superconductivity. Actually, no specific heat
jump associated with superconducting transition can be
observed in the as-grown crystal.29 The filamentary su-
perconductivity may come from some small parts of the
crystal containing less amount of excess Fe, like the sur-
face layers, which may have been slightly annealed at
room temperature in the air.31
Figs. 2(b)-(d) show the Hall resistivity ρyx at several
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FIG. 2. (Color online) (a) Hall coefficients RH for the as-
grown, half-annealed and fully-annealed Fe1+yTe0.6Se0.4 sin-
gle crystals. Hall resistivity ρxy at several temperatures for
the (b) as-grown, (c) half-annealed, and (d) fully-annealed
crystals.
temperatures for the as-grown, half-annealed, and fully-
annealed Fe1+yTe0.6Se0.4 single crystals, respectively.
The ρyx for the as-grown crystal follows a linear rela-
tionship with the applied field and has a positive slope,
dρyx/dH > 0. Also, the values of ρyx at different temper-
atures above T c are all positive, indicating the electrical
transport is dominated by hole-type carriers. For the
half-annealed crystal, ρyx still keeps positive and linearly
increases with magnetic field. However, ρyx of the fully-
annealed crystal becomes negative when temperature de-
creases below 40 K, and an obvious nonlinear behavior
can be witnessed. The nonlinear behavior and sign re-
versal observed in ρyx proves the existence of multiband
effect. Similar behavior of the ρyx has been also observed
in FeSe single crystal and FeTe0.5Se0.5 thin films.
32,33
Hall coefficients RH can be simply obtained from RH =
ρyx/µ0H, and were shown in Fig. 2(a). For the nonlin-
ear ρyx at low temperatures in the fully-annealed crystal,
RH was simply calculated from the linearly part at small
fields. RH is almost temperature independent above 100
K, and keeps a constant value ∼1 × 10−9 m3/C for all
the three samples. When temperature decreases below
100 K, an obvious divergence in RH is observed. In
the as-grown crystal, RH gradually increases with de-
creasing temperature showing an obvious upturn at low
temperatures. This upturn is almost suppressed in the
half-annealed crystal, in which RH just slightly increases
with decreasing temperature. In the fully-annealed crys-
tal, RH keeps nearly temperature independence above
60 K, followed by a sudden decrease, and finally changes
sign from positive to negative before approaching T c.
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FIG. 3. (Color online) Temperature dependence of the
“charge carrier densities” n(=nh-ne) for the as-grown, half-
annealed and fully-annealed crystals.
The sign reversal in Hall coefficient is usually attributed
to the multiband structure, indicating the dominance of
electron in the charge carriers before the occurrence of
superconductivity in Fe1+yTe0.6Se0.4.
Actually, multiband structure has already been proven
to be a common property in IBSs. According to the
band calculations and angle-resolved photoemission spec-
troscopy (ARPES) results, at least four bands originated
from Fe 3d orbitals cross the Fermi level.14,15 Two of
them contribute hole-type charge carriers, and the other
two contribute electron-type charge carriers. To quanti-
tatively study the multiband effect in Fe1+yTe0.6Se0.4, we
first apply a simplified two-carrier model including one
electron band with electron density ne and mobility µe,
and one hole type band with hole density nh and mobil-
ity µh. According to the classical expression for the Hall
coefficient of two-band model,34
RH =
1
e
(µ2hnh − µ2ene) + (µhµe)2(µ0H)2(nh − ne)
(µene + µhnh)2 + (µhµe)2(µ0H)2(nh − ne)2
.
(1)
The field dependence of ρyx will become nonlinear when
the densities of electrons and holes are different. For the
as-grown and half-annealed crystals, ρyx is positive and
almost linear in field at temperature from 20 to 300 K, in-
dicating the hole-type carrier is dominant. The hole den-
sity can be simply obtained by nh = 1/eRH . In the fully-
annealed crystal, hole-type carrier is still dominant at
high temperatures. However, ρyx exhibits obvious non-
linear behavior below 40 K and even changes sign to neg-
ative at temperature below 30 K. The nonlinear behavior
is a signature of the coexistence of electron- and hole-type
carriers, and can be well fitted by Eq. (1) as shown with
the solid line in Fig. 2(d). The obtained “charge carrier
densities” n = nh - ne in the as-grown, half-annealed and
fully-annealed crystals are shown in Fig. 3. It is obvious
that “charge carrier densities” for all the three samples
4keep almost temperature independence above 100 K. Be-
low this temperature, n of the as-grown crystal reduces
quickly with decreasing temperature. When the excess
Fe was partially removed by annealing, the reduction of n
is obviously suppressed in the half-annealed crystal. Fur-
thermore, in the fully-annealed crystal without excess Fe,
n increases quickly with decreasing temperature below 70
K. Moreover, Eq. (1) also predicts that RH = e
−1(nhµ2h-
neµ
2
e)/(neµe+nhµh)
2 when µ0H → 0, and RH = e−1 ×
1/(nh-ne) when µ0H → ∞. For the fully-annealed crys-
tal, the slope of ρyx at temperatures below 30 K changes
sign from negative at low fields to positive at high fields,
which means (nhµ
2
h-neµ
2
e) < 0 and nh-ne > 0. This
means that µe > µh at low temperatures. It shows that
although the hole density increases at low temperatures,
the multiband effect becomes dominant because of the
contribution of electron band with higher mobility. Until
now, the classical two-band model successfully explains
the nonlinear behavior of ρyx and the multiband effect.
However, the large increase of “charge carrier density”
n with decreasing temperature seems very unphysics be-
cause no obvious band structure change or opening of
energy gap were reported. These results may just come
from the emergence of a small band with very high mobil-
ity like that reported Dirac cone state in BaFe2As2, which
will be discussed later. The evident differences in charge
carrier densities of the three crystals indicate that the
band structure of Fe1+yTe0.6Se0.4 may change after an-
nealing. Before annealing, the hole bands dominate the
electronic transport of the as-grown crystal, and the con-
tribution from electron bands is almost negligible. After
annealing, the magnitude of the hole bands changes little
since the Hall coefficient at higher temperature is close
to that of the as-grown one. However, the electron bands
emerge and contribute notably to the electronic transport
at temperature below 150 K in the fully-annealed crystal.
Actually, the band structure change after annealing was
also witnessed by ARPES on single-layer FeSe film.35
To further investigate the multiband effect of
Fe1+yTe0.6Se0.4, we also studied the magnetoresistance
of the three crystals. In a multiband system, the MR is
usually described by the following expression,36
MR ≡ ∆ρ(H)
ρ(0)
≈ 1
2
ΣiΣj 6=iσiσj(ωciτi − ωcjτj)2
(Σiσi)2
, (2)
where σi is the conductivity, τi is the relaxation time
and ωci is the cyclotron frequency, which has opposite
sign for electron and hole bands. In this case, the (ωciτi-
ωcjτj)
2 term becomes larger because the ωciτi terms add
up, which will results in a large MR. However, the MR of
the as-grown crystal is just ∼ 0.03% at 16 K under 9 T as
shown in the inset of Fig. 4(a) . This unexpected small
MR can be also explained by the effect of excess Fe. Re-
cent neutron scattering measurements revealed that the
excess Fe induces a magnetic Friedel-like oscillation at
(pi, 0) order and involves more than 50 neighboring Fe
sites.22 Spins from those Fe clusters will be weakly polar-
ized under magnetic field inducing a negative MR, which
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FIG. 4. (Color online) (a) Magnetic field dependence of
magnetoresistance (MR=((ρ(H) − ρ(0))/ρ(0)) for the fully-
annealed Fe1+yTe0.6Se0.4 single crystal at different temper-
atures. Inset is the MR for the as-grown and half-annealed
crystals at 16 K. (b) MR for the fully-annealed crystal plotted
as a function of (µ0H/ρxx)
2. (c) MR for the fully-annealed
crystal plotted as a function of tan2ΘH .
will cancel out the positive MR of the sample itself. Ac-
tually, previous reports on Fe1+yTe1−xSex all show such
small values of MR, and sometimes even negative MR
was observed.17,18 Such small MR is increased to ∼ 0.14%
in the half-annealed crystal because parts of the excess
Fe was removed. After totally removing the excess Fe,
MR of the fully-annealed Fe1+yTe0.6Se0.4 reaches larger
than 17% at 16 K under 14 T. Such a large MR is ob-
served in iron chalcogenide superconductors for the first
time, which supports the multiband structure proved by
ARPES and first principle calculation.14–16 In the follow-
ing, we will focus on the transport properties of the fully-
annealed crystal, which has little influence from excess Fe
and manifests the intrinsic property of FeTe0.6Se0.4.
In the conventional Fermi liquid state of a single-band
system with isotropic scattering, the MR can be simply
scaled by the Kohler’s law,37 ∆ρ(H)/ρ(0) = F (ωcτ) =
F [(µ0H/ρ(0))
2], where F is a function of the cyclotron
frequency ωc and scattering time τ . The scaling of the
MR of the fully-annealed crystal is plotted in Fig. 4(b),
which is obviously violating the Kohler’s rule. Until now,
we cannot simply attribute the violation of the Kohler’s
scaling to the multiband effect since the violation is also
found in some strongly correlated materials like high T c-
cuprates and heavy fermion intermetalics.38,39 In these
compounds, MR can be scaled by the modified Kohler’s
rule,40 ∆ρ(H)/ρ(0)∝tan2ΘH . To examine this relation,
we also plot the MR as a function of tan2ΘH in Fig.4 (c).
Obviously, our data also violates the modified Kohler’s
rule. Thus, we attribute the violation of (modified)
Kohler’s rule to the multiband effect in Fe1+yTe0.6Se0.4.
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FIG. 5. (Color online) (a) The field derivative of in-
plane MR at different temperatures for the fully-annealed
Fe1+yTe0.6Se0.4 single crystal. The solid lines denote the
semiclassical regime and the quantum linear region, respec-
tively. The characteristic field B∗ is marked by the arrow. (b)
Temperature dependence of the characteristic field B∗ (red
circles) and the effective MR mobility µMR (blue squares).
Red line is the fitting of B∗ by B∗ = (1/2e~v2F )(kBT+EF )
2.
More interesting, MR of the fully-annealed
Fe1+yTe0.6Se0.4 linearly increases with the applied
field from intermediate field (e. g. 2 T at 16 K) to the
measurement limit of 14 T, whereas a small parabolic-
like bend just remains at the low fields. This is in sharp
contrast to the semiclassical quadratic field dependence
of MR, in which MR generally develops in proportion to
H 2 over the entire field range. The linear dependence of
MR on field is more evident in the first-order derivative
dMR/dB as shown in Fig. 5(a). dMR/dB is propor-
tional to magnetic field at low H, then saturated at high
fields. The linear MR can be interpreted by several
possible mechanisms. For instance, in a sample with
one-dimensional Fermi surface, although the MR shows
quadratic field dependence along the open orbits, linear
MR might be observed in the polycrystalline sample due
to averaging effect.41 This mechanism is obviously not
suitable for our single crystalline sample. The linear MR
is also observed in heavily disordered system,42 which is
not applied to Fe1+yTe0.6Se0.4. The linear MR can be
also interpreted by considering a quantum limit where
all the carriers occupy only the lowest Laudau level
(LL).41,43 This situation usually happens when the field
is very large and the difference between the zeroth and
first Landau levels ∆LL exceeds the Fermi energy EF
and the thermal fluctuation kBT. In such a quantum
limit, MR can no longer be described in the framework
of the conventional Born scattering approximation like
Eq. (2), and is instead expressed as:
MR =
1
2pi
(
e2
ε∞~vF
)2
Ni
en2
Bln(ε∞), (3)
where Ni is the density of scattering centers, n is the
carrier density, vF is the Fermi velocity and ε∞ is
the high-frequency dielectric constant.41,43 In a conven-
tional parabolic band, the LL is proportional to B,
∆LL=e~B/m
∗, wherem∗ is the effective mass. To satisfy
the quantum limit, i. e., ∆LL > kBT , a very large value
of magnetic field is needed. Thus, the linear MR com-
ing from the quantum limit is difficult to be observed
in a moderate field range. By contrast, the linear MR
was identified in low field region in some materials host-
ing Dirac fermions with linear energy dispersion, such as
graphene,44 topological insulators,45 Ag2−δ(Te/Se),46 α-
(BEDT-TTF)2I3,
47 some layered compounds with two-
dimensional Fermi surface (like SrMnBi2)
48,49 and iron-
based Ba(Sr)Fe2As2
9,10,12 and La(Pr)FeAsO.11,13 For the
Dirac state, ∆LL is described as ∆LL=±vF
√
2e~B, lead-
ing to a much larger LL splitting compared with the
parabolic band. Consequently, the quantum limit can
be achieved in low field region.41
Characteristic field B∗, defined as the crossover field
between the semiclassical regime and the quantum lin-
ear regime, is marked by the arrow in Fig. 5(a). The
temperature dependence of B∗ is shown in Fig. 5(b),
which is obviously violating the linear relation expected
from conventional parabolic bands, and can be well fitted
by B∗ = (1/2e~v2F )(kBT+EF )
2 for the Dirac fermions as
shown in Fig.5 (b).45 The good agreement of B∗ with the
above equation confirms the existence of Dirac fermions
in Fe1+yTe0.6Se0.4. The fitting gives a large Fermi ve-
locity vF ∼ 1.1 × 105 ms−1 and EF ∼ 5.5 meV, which
are close to the previous reports in similar compounds
BaFe2As2 (vF ∼ 1.88 × 105 ms−1, EF ∼ 2.48 meV)10
and SrFe2As2 (vF ∼ 3.11 × 105 ms−1 and EF ∼ 6.9
meV).12 If we focus on the data for fields close to zero,
we can obtain the coefficient of the B2 quadratic term
A2. In a multiband system with both Dirac and coven-
tional parabolic band where Dirac carriers are dominant
in transport, the coefficient A2 is related to the effec-
tive MR mobility
√
A2 =
√
σeσh
σe+σh
(µe+µh) = µMR.
45,50
The effective MR is smaller than the average mobility
of carriers µavg = (µe + µh)/2, and gives an estimation
of the lower bound. Temperature dependence of µMR
was calculated and shown in Fig.5 (b). The µMR reaches
a value close to 800 cm2/Vs at 16 K comparable to the
value (∼ 1000 cm2/Vs) obtained from quantum oscilla-
6tion in BaFe2As2.
51 The value of mobility obtained here
is much larger than that reported in FeTe1−xSex thin
films (< 10 cm2/Vs),52 which again confirms the exis-
tence of Dirac fermions. µMR decreases with increasing
temperature since thermal fluctuation smear out the LL
splitting. The Dirac cone state is hardly observed when
temperature increases above 80 K. If we look back to the
part of Hall effect, the calculated value of n is also dras-
tically increased below 70 K, which is the same temper-
ature region for the Dirac cone state becomes dominant.
Thus, the steep increase of n should be reinterpreted as
a sign of the emergence of Dirac fermions.
The Dirac cone states have been theoretically pre-
dicted and experimentally confirmed by ARPES in
BaFe2As2.
9,53 The formation of Dirac cone state in
BaFe2As2 is a consequence of the nodes of the SDW gap
by complex zone folding in bands with different parties,9
and it can coexist with superconductivity in Ru-doped
BaFe2As2 until the vanish of SDW.
5455 Similar results
have also been reported in Ru-doped LaFeAsO,11 which
seems to indicate that the emergency of Dirac fermions in
iron pnictides is usually accompanying with SDW. How-
ever, in iron-chalcogenide FeTe0.6Se0.4, the long-range
SDW is already totally suppressed according to the phase
diagram,56,57 which indicates the origin of the Dirac cone
state in iron-chalcogenides may be different from that in
iron pnictides. Here, we should point out that although
the long-range SDW is proven to be suppressed by Se
doping, the SDW fluctuation may still survive. So we
cannot simply eliminate the possible origin of the Dirac
cone state coming from the behavior of SDW fluctua-
tion. On the other hand, band structure calculation on
FeTe/Se shows a linear bands crossover near the Fermi
surface aroundM point.58 It also manifests that the Dirac
cone like structure is in electronic state, which is con-
sistent with our transport results. The missing of Dirac
cone states in reported ARPES results may be attributed
to the effects of remaining excess Fe, which will change
the band structure and also localize the charge carriers.
Thus, future experiments like ARPES or Shubnikov-de
Hass oscillations on the fully-annealed FeTe0.6Se0.4 crys-
tal without excess Fe is promising to reveal the origin of
the Dirac cone state.
IV. CONCLUSIONS
In summary, we performed detailed investigations of
transport properties on Fe1+yTe0.6Se0.4 single crystals
with different amounts of excess Fe. The semiconducting
resistive behavior in the as-grown crystal was gradually
suppressed by annealing in O2, and was replaced by a
metallic behavior in the fully-annealed crystal. The as-
grown and half-annealed crystals show a linear Hall resis-
tivity and very small value of MR. On the other hand, the
fully-annealed crystal manifests an obvious nonlinear ρyx
and large MR, which is over 17% at 16 K under 14 T. The
nonlinear ρyx and large MR together with the violation
of (modified) Kohler’s rule prove the multiband effect in
FeTe0.6Se0.4. The comparison of the transport proper-
ties for the as-grown, half-annealed, and fully-annealed
Fe1+yTe0.6Se0.4 single crystals indicates that the band
structure change after O2 annealing. The MR for the
fully-annealed crystal also shows a linear increase against
magnetic field from intermediate field to the measure-
ment limit, which is interpreted by the existence of Dirac
fermions.
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